Megasphaera elsdenii belongs to the group comprising the ruminal and intestinal lactate-and sugarfermenting species. In the present study the fermentation characteristics, metabolism of glucose and lactate, and susceptibility to antimicrobial agents of four ruminal strains were investigated. Particular attention was given to the mixed-substrate fermentation pattern and resultant fermentation acid profile. Lactate was utilized more rapidly than glucose in media with both carbon sources. Interaction of the two substrates changed the composition of fermentation end products toward more valerate and less propionate in cultures with glucose and lactate. Contrary to the indications in Bergey's Manual of Systematic Bacteriology, butyrate, not caproate, was the main end product of glucose metabolism. The strains examined were rather insensitive to many antimicrobial compounds, especially to ionophores and other antimicrobial feed additives.
Megasphaera elsdenii (formerly Peptostreptococclus elsdenii) is an obligately anaerobic bacterium known as a normal inhabitant of the rumen of cattle and sheep. High numbers of M. elsdenii can also be cultured from intestinal contents of humans and pigs (7, 21, 24) . This gram-negative coccus can use both carbohydrates and organic acids and is considered to be one of the main organisms involved in lactic acid catabolism and amino acid deamination (12) . Its basic metabolic characteristics, metabolism of lactate and amino acids, and role in ruminal metabolism were reported previously (2, 4-6, 8, 13-15, 22) .
The aifm of our work was to obtain more information about the nature of this important organism. Our report describes the fermentation characteristics of four strains of M. elsdenii of ruminal origin, their metabolism of glucose and lactate, and their susceptibility to 30 antimicrobial agents.
Metabolic characteristics of ruminal bacteria have generally been studied in in vitro growth experiments with a single energy and carbon source. Ruminal bacteria in their natural environment, however, utilize a variety of substrates simultaneously, although some of them may be used preferentially. Particular attention, therefore, was given to the dualsubstrate utilization pattern and resultant fermentation acid profile.
MATERIALS AND METHODS Organisms. Strain L8 was isolated from the ruminal fluid of a calf on a milk diet, using a solid lactate medium (11) . Strains LC1, Jl, and AW106, which originated from adult ruminants, were kindly supplied from the culture collection of the Rowett Research Institute, Aberdeen, United Kingdom. The type strain, LC1, was one of the first isolates of this bacterial species (4, 5) . The same lactate medium (11) was used for maintaining cultures, except that agar was omitted and glucose (0.2%) was added. Cultures were routinely transferred every week or stored at -20°C in 20%
(vol/vol) glycerol between transfers.
Fermentation characteristics. Fermentation of 25 substrates was detected in the medium of Hayashi and Kozaki * Corresponding author.
(9), modified as described previously (15) . The medium, containing 10% ruminal fluid, was prepared anaerobically, using cysteine hydrochloride (0.025%) and sodium sulfide (0.025%) as reducing agents. Substrates were added at 4 g/liter. Growth was assessed as a visible turbidity at 40 h. Slightly visible growth was confirmed by measurements of optical density.
For the determination of the fermentation products, the examined strains were grown in the same medium, containing 10 mM glucose. The effect on the composition of their metabolites of adding glucose (0, 10, and 20 mM) to the medium with 20 mM sodium lactate was also studied.
Substrate preference: utilization of glucose and lactate. Utilization of both carbon sources was monitored in the medium described above. Glucose and lactate were added at 60 mg-atoms of C per liter (10 and 20 mmol/liter, respectively). Batch cultures were grown at pH 6.7 + 0.2 and 39°C in a laboratory fermentor (LF 2; CSAV Works, Prague, Czechoslovakia) equipped with temperature and pH controls, a mechanical stirrer, a sampling device, and gas entry and exit ports. Inocula were overnight cultures grown in the same medium. A 100-ml portion of a culture of M. elsdenii was added to 2 liters of sterile medium. Cultures were gassed with 02-free CO2. The pH was controlled by the addition of 5 M NaOH. At 1-h intervals samples were removed for the measurement of optical density at 640 nm and stored at -20°C until they could be analyzed. (3) was modified so that agar plates instead of slopes were used and glucose was the only substrate present in the medium with ruminal fluid. Agar plates with disks were incubated anaerobically at 39°C for 40 h.
Analytical methods. Volatile fatty acids were estimated by gas-liquid chromatography (17) , formate was estimated colorimetrically (20) , lactate was estimated by a microdiffusion method (1) , and glucose was estimated by the phenolsulfuric acid method (10).
RESULTS
All strains examined grew well in media with glucose, fructose, maltose, glucosamine, mannitol, lactate, and pyruvate (Table 1) . Several other substrates were fermented weakly. No strain fermented ribose, arabinose, sorbose, lactose, raffinose, dulcitol, sorbitol, arabitol, glycerol, inositol, or inulin.
The composition of fermentation end products was not identical in media with glucose and lactate. The main metabolite of glucose in cultures of M. elsdenii was butyrate ( (Table 3 ). In these media lactate was utilized more rapidly than glucose (Fig. 1) . The susceptibility of M. elsdenii to antimicrobial agents is shown in Table 4 . The strains studied were sensitive to both tetracyclines, furazolidone, chloramphenicol, and to some antibiotics derived from amino acids (ampicillin, polymyxin B, and colistin) and saccharides (kanamycin, gentamicin, and lincomycin). On the other hand, they were mostly resistant to ionophores and other antimicrobial feed additives. (6) , that butyrate was the main fermentation end product in all strains examined. In accordance with other investigators (5, 11, 24) we found no production of propionate from glucose.
DISCUSSION
Although M. elsdenii in its natural environment can utilize several substrates simultaneously, very little information is available regarding its substrate preference. Russell and Baldwin (19) found that strain B159 used glucose, maltose, and lactate simultaneously during the later stages of a multisubstrate incubation and that growth on lactate was not as rapid as growth on glucose or maltose. On the contrary, Hobson et al. (11) reported that growth on glucose was slower than growth on lactate in the same medium. Our strains utilized lactate more rapidly than glucose in glucoseplus-lactate medium, and exhaustion of lactate accelerated the utilization of glucose.
The data presented in this paper and those of others suggest that M. elsdenii is relatively insensitive to many antimicrobial compounds. Nagaraja and Taylor (16) showed that M. elsdenii was totally resistant to eight antimicrobial feed additives. The susceptibility and resistance of M. elsdenii to 13 other antibiotics were reported by El Akkad and Hobson (3) and Wang et al. (23) . Each study examined one strain only. Our findings show strain-to-strain variability and
